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Randomized trials have played a fundamental role in identifying better treatments for
most type of diseases, especially in the oncological field. In breast cancer, the shift
from “maximum tolerable” to “minimum effective” treatment has been evident since the
1970s and has been based on the results of international randomized trials. The progress
of breast surgery represents an excellent model of the evolution of science and the aim
of this article is to review the main randomized studies that changed everyday practice in
breast surgery.
Keywords: breast cancer, randomized trials, maximum tolerable treatment, minimum effective treatment,
conservative treatment
Medical science has gone through an important evolution in
the past century that was based on the progress in research and
on the advances in technology. The field of surgical oncology is
important, as surgery represents the most common and essential
treatment for solid tumors. In the last 50 years a lot of effort was
made to improve the treatment modalities, in order not only to
prolong the survival, but also to ensure a good quality of life. The
advances achieved are greatly attributed to the clinical research.
The aim of clinical research is the collection of evidence in order
to establish the best treatment and this is achieved through clini-
cal trials. They may be observational studies, when the results of a
treatment procedure are compared with the historical controls.
Randomized trials are the most valid and the most commonly
used in surgical oncology, as they give information regarding the
efficacy of a new procedure by comparing homogeneous groups
of patients who undergo different treatments.
The first randomized trial was published in 1948 in British
Medical Journal and reported on the effects of streptomycin on
pulmonary tuberculosis (1948). Throughout the years this type
of clinical trial was established as the gold standard of evidence
based medicine. In 1996, the guidelines for reporting random-
ized trials were published for the first time and were updated in
2010 (Altman, 1996; Schulz et al., 2010). Simple Randomization,
similar to “fair coin-tossing,” was the most commonly used in
the early periods mainly for trials with up to 200 participants
(Schulz and Grimes, 2002). Today, for larger trials, the restricted
randomization is preferred, in order to guarantee group sizes
balance. Another important parameter is the allocation con-
cealment. According to this procedure, the participant and the
researcher are not aware of the treatment allocation, until after
the patient enters the study, thus ensuring complete impartial-
ity. Possible disadvantages of a randomized trial are high cost,
long duration, and limited external validity, as the results can-
not always be widely applied outside the participating centers.
From the ethical point of view, an informed consent signed by the
participant is mandatory, as well as the approval of the study by
the hospital ethics committee. Every participant has to be thor-
oughly informed about the possible treatments, he will or will
not receive, and about their possible side effects and implications.
The task of ethics committee or the institutional review board
(IRB) is to approve or disapprove, and to monitor the course
of the trial bearing into consideration the rights of the par-
ticipants. When all the necessary criteria are met, the analysis
of the data provided by a randomized trial gives evidence on
Therapy/Prevention and Harm according to the Oxford Centre
for Evidence-based Medicine (2010).
FROM HALSTED MASTECTOMY TO BREAST CONSERVATION
Randomized trials have played a fundamental role in identifying
better treatments for most type of diseases, especially in the onco-
logical field. Although, it is statistically easy to compare two
or more treatments, with an expected quantitative difference at
the endpoint -usually the survival-, it is much more difficult to
compare two treatments that are not expected to be quantita-
tively different. This is relevant for studies that aim at evaluating
improvement in quality of life offered by conservative treatments.
In this case no difference in survival is expected, but qualitative
parameters, such as quality of life, which are however, difficult
to be quantified. These trials, named “equivalence trials,” have an
important role to proceed toward less aggressive treatments. This
new objective became important after a change in paradigms in
cancer treatment was proposed to the medical community in the
1970s. The change referred to the substitution of the traditional
paradigm of “maximum tolerable treatment” to the new opposite
paradigm of “minimum effective treatment.” Since the 1970s the
paradigm has been applied to many instances and the evolution
of treatment of breast cancer is an excellent model. The review of
this model is the aim of this paper.
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Randomized trials have contributed significantly to practice
changing in surgical oncology in the last 50 years. In the field of
breast surgery, the conduction of randomized trials was proven to
be vital for all the revolutionary changes performed. The passage
from “maximally tolerated” to “minimally effective” treatment
has not been easy and the idea of conserving a large portion
of an already affected organ was challenged by many surgical
oncologists. It was only the large randomized trials performed
in breast cancer patients that made possible the acceptance of
breast conservation, and led to a complete modification of the
principles of breast surgery. Over the years, Halsted mastectomy
was replaced by lumpectomy or quadrantectomy, and exter-
nal high energy radiotherapy was an integrated component of
treatment. An attempt to improve the prognosis through more
extended treatments was the aim of the trial on internal mam-
mary node dissection. A large randomized trial was published
in 1976 and it was an international trial comparing radical mas-
tectomy with and without internal mammary dissection (Lacour
et al., 1976). From 1963 to 1968, 1453 patients in 5 breast
centers were randomized. The 5 years survival was similar in
the two groups and only patients with medially located tumors
and positive axillary nodes were shown to moderately bene-
fit from internal mammary dissection. The Cancer Institute of
Milan participated in this study and published the 10-years fol-
low up of 716 patients in 1981 (Veronesi and Valagussa, 1981).
Overall survival (OS) and disease free survival were equal in
the two groups. There was no difference in recurrence rates
on the operating field, the axilla and the supraclavicular fossa.
The radical mastectomy group had higher parasternal recur-
rences compared to the group with the extended operation,
which; however, were relatively low (3.7%). The 10-years update
of the multicenter study that was published 2 years later con-
firmed no difference in survival and in relapse-free survival
(Lacour et al., 1983). This first trial attempted to explore the
impact of more aggressive surgery than the standard and failed
the goal.
Thereafter, the trend went to the opposite direction, to com-
pare radicalmastectomy with lessmutilating interventions, and to
investigate the role of radiotherapy in the local control. TheMilan
I trial (1973–1980) randomized 701 pT1 breast cancer patients
into either Halsted mastectomy or quadrantectomy with axillary
dissection and breast radiotherapy. The first results were pub-
lished in 1981 and showed no difference in disease-free (DFS) and
OS (Veronesi et al., 1981). The study update with a 20-years follow
up confirmed the preliminary findings, establishing the concept
of breast conservation as a standard of care (Veronesi et al., 2002).
In the same period in France, 179 patients were randomized to
either modified radical mastectomy or tumorectomy with axil-
lary sampling and breast irradiation (Sarrazin et al., 1989). Both
groups were shown to have similar OS, DFS, and LRR at 10 and
15 years (Arriagada et al., 1996).
In 1974, another randomized trial begun in the United States,
the NSABP B-04, that recruited 1079 breast cancer patients. In
case of clinically negative axilla, they were randomized to either
total mastectomy, with axillary radiotherapy or to total mastec-
tomy with delayed axillary dissection, in case of appearance of
clinically positive axillary nodes. Patients with clinically positive
nodes were randomized to either radical mastectomy or total
mastectomy with axillary radiotherapy. No benefit in OS and
DFS survival was found from radical mastectomy on the 10-years
update (Fisher et al., 1985b).
In 1976, the NSABP B-06 trial started randomizing patients to
total mastectomy, lumpectomy alone or lumpectomy with breast
radiotherapy (Fisher et al., 1985a, 1989, 2002). Based on the
accrual of 1851 patients, OS and distant DFS were similar between
the three groups, but radiotherapy was shown to reduce the breast
recurrence rate after lumpectomy.
Four years later, in 1979, the National Cancer Institute con-
ducted a prospective randomized study comparing modified
radical mastectomy vs. lumpectomy—with positive or negative
resection margins- with axillary dissection and adjuvant radio-
therapy (Lichter et al., 1992). After 20 years of follow up of
237 patients, OS and DFS were comparable, however, according
to the authors “long-term in-breast failures continued to occur
throughout the follow up” (Poggi et al., 2003).
A study with a similar design was launched in 1980 by the
EORTC. The 10801 trial randomized 868 patients with T1 and
T2 tumors until 1986 to either modified mastectomy or lumpec-
tomy –with positive or negative resection margins- with axillary
dissection and adjuvant radiotherapy (van Dongen et al., 2000).
At 10 years, the results were similar to those of the NCI trial. OS
and distant metastasis-free survival were similar; however, local
recurrences were statistically higher in the lumpectomy group.
Between 1983 and 1989 the Danish Breast Cancer Cooperative
Group after randomizing 905 patients to either modified radical
mastectomy or lumpectomy with axillary dissection and radio-
therapy, concluded that OS and DFS did not differ significantly
(Blichert-Toft et al., 1992).
These large randomized trials conducted in the 1970s and
early 1980s showed the way to “less surgery” and practically
changed the route of breast cancer surgery. Furthermore, they
confirmed the hypothesis that the prognosis of breast cancer
patients is linked to the presence or absence of distant metasta-
sis and changes in local treatment do not affect the OS. Breast
conservation became not only a viable option, but a standard
treatment, and those trials updates published in the beginning
of the twenty-first century confirmed that mutilating interven-
tions such as radical mastectomy belong to the past. However,
some uncertainty remained about the extent of the breast con-
servation. This issue was further investigated with a randomized
study (Milan II) that was conducted between 1985 and 1987 and
its results were published in 1990 (Veronesi et al., 1990). Seven
hundred and five patients with tumors up to 2.5 cm were ran-
domized to receive either quadrantectomy or lumpectomy. All
patients underwent axillary dissection and radiotherapy. In quad-
rantectomy, 2–3 cm of normal tissue surrounding the tumor was
excised, as well as the tumor overlying skin and the underly-
ing fascia. In lumpectomy, only a rim of 1 cm around the tumor
was excised. After a follow up of 10 years OS and distant metas-
tasis rate were not different, while in breast tumor recurrence
was significantly higher in the lumpectomy group (Mariani et al.,
1998).
Following the establishment of breast conservation as treat-
ment of choice for early breast cancer, the role of radiotherapy
Frontiers in Oncology | Surgical Oncology October 2012 | Volume 2 | Article 125 | 2
Veronesi et al. From “maximum tolerable” to “minimum effective” treatment
on loco-regional control remained to be clarified. Light was shed
on the effect of adjuvant radiotherapy by two randomized trials.
The first was conducted at the Milan Cancer Institute (Milan III)
between 1987 and 1989 and recruited 567 patients with tumors
up to 2.5 cm (Veronesi et al., 1993). They were randomized to
quadrantectomy with axillary dissection with or without adju-
vant radiotherapy. The radiotherapy group had a significantly
lower local recurrence rate; however, the 5-years OS was compa-
rable. Similarly, the Uppsala-Orbero Breast Cancer Study Group,
reported the same conclusions in a study of 381 patients with
pT1 tumors (Uppsala-Orebro Breast Cancer Study Group, 1990).
Radiotherapy is nowadays considered a component of breast con-
servation, at least in women who are younger than 60 years old.
For patients over 60 years old, a multicenter prospective ran-
domized trial was conducted, in order to assess the necessity of
radiotherapy. Between 2001 and 2005, 749 patients with early
breast cancer were assigned to either surgery only or to surgery
and breast radiotherapy and after 5 years of follow up there was
found a difference in in breast recurrence (2.5% vs. 0.7%), but no
difference in OS and in distant disease free survival (Tinterri et al.,
2009).
CONSERVATION OF AXILLARY NODES
The concept of “less surgery” was extended to the treatment of
the axilla. The role of radiotherapy on the axilla was evaluated in a
study conducted inMilan between 1995 and 1998 (Veronesi et al.,
2005). Four hundred and thirty five patients with small tumors
were randomized to either axillary radiotherapy or nothing. After
63 months of follow up, the axillary metastases presented were
lower than expected in both groups, suggesting that axillary dis-
section can be avoided in this subgroup of patients and that
radiotherapy has a protective effect.
The introduction of the sentinel lymph node biopsy put fur-
ther under investigation the role of axillary dissection. It was
already anticipated that the positivity of the axilla was an element
of prognosis and not a reason to perform more extensive surgery.
Sentinel lymph node biopsy is a method of “predicting” the axil-
lary status sparing the patient from axillary dissection and its
often devastating complications, like arm lymphedema. As soon
as the technique of sentinel lymph node biopsy was standard-
ized, a series of randomized control studies started worldwide.
The first was the Milan Trial, that in 1998 and 1999 randomized
506 patients with tumors up to 2 cm to two arms, one receiving
immediate axillary dissection and the other receiving the dissec-
tion only if the sentinel node was involved (Veronesi et al., 2006).
After 79 months of follow up, OS and DFS were equal. Only one
case of axillary recurrence was observed among the patients in the
SLN group who did not receive axillary dissection, although eight
false negatives would be expected. The long term analysis showed
that patients had less mortality rates after sentinel lymph node
biopsy policy than after immediate dissection (25 vs. 18 deaths).
An identical study was conducted between 1999 and 2004,
that randomized 5611 women with invasive breast cancer up to
4 cm from 80 centers in the USA and in Canada to either axillary
dissection or to sentinel lymph node biopsy alone with axil-
lary dissection only if the SLN was positive (Krag et al., 2010).
After 95.6 months of follow up, OS and DFS were similar in
the two groups. A sub-study reported that up to 12 months
postoperatively, patients with axillary dissection had significantly
higher arm morbidity and significantly more restricted work and
social activity and impaired QoL (Land et al., 2010).
The ALMANAC trial, is a multicenter UK trial, that studied
the QoL in patients with SLN vs. axillary dissection between 1999
and 2003 (Mansel et al., 2006). One thousand and thirty one
patients participated and at 12 months it was evident that lym-
phedema and sensory loss were higher in the axillary dissection
group; operative time, drainage use, hospitalization, and resump-
tion of normal life was much longer in axillary dissection group,
while in SLN group, patients had a higher QoL and arm function-
ing scores. The results of the SNAC trial and the Danish Breast
Cancer Cooperative Group confirmed the ones of ALMANAC
(Gill et al., 2009). Arm lymphedema and dysfunction were sig-
nificantly higher in the axillary dissection group at 12 months for
ALMANAC and at 18 months for DBCCG (Husted Madsen et al.,
2008).
The outcomes of these studies made clear that in case of non-
metastatic disease to the axilla, axillary dissection is not only
unnecessary, but also harmful. But what if the axillary lymph
nodes are positive? Is axillary dissection still necessary or can
it be avoided? The answer to this question, that takes conser-
vative treatment of breast cancer one step forward, is nowadays
under investigation. The NSABP Z0011 trial has randomized 891
patients with T1 and T2 tumors and positive SLN from 115 cen-
ters from 1999 to 2004 to receive axillary dissection or no further
treatment (Giuliano et al., 2011). At 6.3 years of follow up, the
5 years OS and the DFS were not different in the two groups,
suggesting that in this subgroup of patients, axillary dissection
may not be necessary. The EORTC 10981 AMAROS trial has
randomized patients with positive SLN to either axillary dissec-
tion or axillary radiotherapy from 2001 until 2010 and its results
are still to be published (Rutgers et al., 2004). Another multi-
centric randomized trial studying the role of axillary treatment
is the SOUND trial that started at the beginning of this year
at the IEO, in Milan. Patients with pT1 tumors and negative
axillary US scan are randomized to both SLN biopsy and axil-
lary dissection if positive or to no sentinel biopsy at all. The
results of this trial are awaited, as it might completely change
the approach to the axillary treatment, abandoning the sentinel
node biopsy in patients with an uninvolved axilla at clinical and
ultrasonographical examination.
BREAST RADIOTHERAPY
Adjuvant radiotherapy was shown to be an important element to
breast conservation. Breast radiotherapy has followed the same
course as breast surgery from large fields and high doses to
fields and doses as limited as possible. Recently, the concept of
accelerated partial breast irradiation has emerged and positive
experience is being accumulated. An interesting modality was
to anticipate the radiotherapy, which could be delivered during
surgery, intraoperative radiotherapy (IORT). Two large random-
ized IORT trials are ongoing at the moment, the ELIOT trial and
the TARGIT trial. In ELIOT protocol electrons are delivered in the
quadrantectomy site, while in the TARGIT protocol low energy X
rays are used in the lumpectomy site after the tumor resection
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and while the patient is still under general anesthesia. The first
results of ELIOT protocol show that pulmonary fibrosis is signifi-
cantly less in IORT patients compared with external radiotherapy
patients (Rampinelli et al., 2011). The TARGIT trial results show
that of 1113 patients who were randomized to either IORT or
external beam radiation, at 4 years of follow up 6/996 in the IORT
group and 5/1025 in the external radiotherapy group developed a
local recurrence (Vaidya et al., 2010). Complications and major
toxicity was similar in the two groups, while radiation toxicity
was significantly lower for IORT. The TARGIT trial outcomes are
encouraging and, if long term follow up, along with ELIOT trial
results, confirms the non-inferiority of IORT, it will be another
step in the evolution of breast cancer treatment.
CONSERVATIVE MASTECTOMY
Conservative mastectomy is the last step in breast cancer conser-
vative treatment. It combines total excision of breast parenchyma
sparing the skin and the nipple areola complex, thus offering
a very good aesthetic result by preserving the patient’s body
image thanks to the immediate reconstruction of the breast.
Randomized controlled trials are not available on this emerg-
ing technique, and so far the only available data in the literature
comes from cohort series with heterogeneity on indications and
reconstructive techniques. The outcomes on oncologic safety
are satisfactory, as is the cosmesis, according to surgeons’ and
patients’ evaluation. In our Institute, the European Institute of
Oncology, we have the largest series of patients treated with con-
servative mastectomy with OS rates similar to those of skin spar-
ing mastectomy and with superior aesthetic outcomes (Petit et al.,
2009). At the moment we are considering a randomized trial on
patients treated with conservative mastectomy focusing on IORT
on the conserved nipple areola complex, in order to evaluate the
sterilizing effect of radiotherapy on nipple recurrence.
CONCLUSIONS
The large number of randomized trials conducted in the last 50
years has completely overturned the radio-surgical breast can-
cer management. The long term beneficial effects were evident
especially with regards to the motivation of women to early
detection. Women know that the early discovery of a “small nod-
ule” on the breast will not only save their life, but will make
it possible to preserve their body image. In the western world,
most women participate in many large randomized programs
for early detection of breast cancer and the evolution of images
(mammography, ultrasound, andMRI) has greatly facilitated this
progress.
REFERENCES
(1948). Streptomycin treatment of pul-
monary tuberculosis. Br. Med. J. 2,
769–782.
Altman, D. G. (1996). Better report-
ing of randomised controlled trials:
the CONSORT statement. BMJ 313,
570–571.
Arriagada, R., Lê, M. G., Rochard,
F., and Contesso, G. (1996).
Conservative treatment versus
mastectomy in early breast cancer:
patterns of failure with 15 years of
follow-up data. Institut Gustave-
Roussy Breast Cancer Group. J.
Clin. Oncol. 14, 1558–1564.
Blichert-Toft, M., Rose, C., Andersen, J.
A., Overgaard, M., Axelsson, C. K.,
Andersen, K. W., and Mouridsen,
H. T. (1992). Danish randomized
trial comparing breast conserva-
tion therapy with mastectomy: six
years of life-table analysis. Danish
Breast Cancer Cooperative Group.
J. Natl. Cancer Inst. Monogr. 19–25.
PMID:1627427.
Fisher, B., Anderson, S., Bryant, J.,
Margolese, R. G., Deutsch, M.,
Fisher, E. R., Jeong, J. H., and
Wolmark, N. (2002). Twenty-year
follow-up of a randomized trial
comparing total mastectomy,
lumpectomy, and lumpectomy plus
irradiation for the treatment of
invasive breast cancer. N. Engl. J.
Med. 347, 1233–1241.
Fisher, B., Redmond, C., Fisher,
E. R., Bauer, M., Wolmark, N.,
Wickerham, D. L., Deutsch, M.,
Montague, E., Margolese, R., and
Foster, R. (1985a). Five-year results
of a randomized clinical trial
comparing total mastectomy and
segmental mastectomy with or
without radiation in the treatment
of breast cancer. N. Engl. J. Med.
312, 665–673.
Fisher, B., Redmond, C., Fisher, E. R.,
Bauer,M.,Wolmark,N.,Wickerham,
D. L., Deutsch, M., Montague,
E., Margolese, R., and Foster, R.
(1985b). Ten-year results of a ran-
domized clinical trial comparing
radical mastectomy and total mas-
tectomy with or without radiation.
N. Engl. J. Med. 312, 674–681.
Fisher, B., Redmond, C., Poisson,
R., Margolese, R., Wolmark, N.,
Wickerham, L., Fisher, E., Deutsch,
M., Caplan, R., Pilch, Y., Glass, A.,
Shibata, H., Lerner, H., Terz, J., and
Sidorovich, L. (1989). Eight-year
results of a randomized clinical
trial comparing total mastectomy
and lumpectomy with or without
irradiation in the treatment of
breast cancer. N. Engl. J. Med. 320,
822–828.
Gill, G., SNAC Trial Group of the Royal
Australasian College of Surgeons
(RACS), and NHMRC Clinical
Trials Centre. (2009). Sentinel-
lymph-node-based management or
routine axillary clearance? One-year
outcomes of sentinel node biopsy
versus axillary clearance (SNAC):
a randomized controlled surgical
trial. Ann. Surg. Oncol. 16, 266–275.
Giuliano, A. E., Hunt, K. K., Ballman,
K. V., Beitsch, P. D., Whitworth, P.
W., Blumencranz, P. W., Leitch, A.
M., Saha, S., McCall, L. M., and
Morrow, M. (2011). Axillary dis-
section vs. no axillary dissection in
women with invasive breast cancer
and sentinel node metastasis: a ran-
domized clinical trial. JAMA 305,
569–575.
Husted Madsen, A., Haugaard, K.,
Soerensen, J., Bokmand, S., Friis, E.,
Holtveg, H., Peter Garne, J., Horby,
J., and Christiansen, P. (2008). Arm
morbidity following sentinel lymph
node biopsy or axillary lymph node
dissection: a study from the Danish
Breast Cancer Cooperative Group.
Breast 17, 138–147.
Krag, D. N., Anderson, S. J., Julian,
T. B., Brown, A. M., Harlow, S.
P., Costantino, J. P., Ashikaga,
T., Weaver, D. L., Mamounas,
E. P., Jalovec, L. M., Frazier, T.
G., Noyes, R. D., Robidoux, A.,
Scarth, H. M., and Wolmark, N.
(2010). Sentinel-lymph-node resec-
tion compared with conventional
axillary-lymph-node dissection in
clinically node-negative patients
with breast cancer: overall survival
findings from the NSABP B-32
randomised phase 3 trial. Lancet
Oncol. 11, 927–933.
Lacour, J., Bucalossi, P., Cacers,
E., Jacobelli, G., Koszarowski,
T., Le, M., Rumeau-Rouquette,
C., Veronesi, U. (1976). Radical
mastectomy versus radical
mastectomy plus internal mam-
mary dissection. Five-year results of
an international cooperative study.
Cancer 37, 206–214.
Lacour, J., Le, M., Caceres, E.,
Koszarowski, T., Veronesi, U.,
Hill, C. (1983). Radical mastectomy
versus radical mastectomy plus
internal mammary dissection. Ten
year results of an international
cooperative trial in breast cancer.
Cancer 51, 1941–1943.
Land, S. R., Kopec, J. A., Julian, T. B.,
Brown, A. M., Anderson, S. J., Krag,
D. N., Christian, N. J., Costantino,
J. P., Wolmark, N., and Ganz, P. A.
(2010). Patient-reported outcomes
in sentinel node-negative adjuvant
breast cancer patients receiving
sentinel-node biopsy or axillary dis-
section: National Surgical Adjuvant
Breast and Bowel Project phase III
protocol B-32. J. Clin. Oncol. 28,
3929–3936.
Lichter, A. S., Lippman, M. E.,
Danforth D. N. Jr., d’Angelo,
T., Steinberg, S. M., deMoss, E.,
MacDonald, H. D., Reichert, C.
M., Merino, M., and Swain, S. M.
(1992). Mastectomy versus breast-
conserving therapy in the treatment
of stage I and II carcinoma of the
breast: a randomized trial at the
National Cancer Institute. J. Clin.
Oncol. 10, 976–983.
Frontiers in Oncology | Surgical Oncology October 2012 | Volume 2 | Article 125 | 4
Veronesi et al. From “maximum tolerable” to “minimum effective” treatment
Mansel, R. E., Fallowfield, L., Kissin,
M., Goyal, A., Newcombe, R. G.,
Dixon, J. M., Yiangou, C., Horgan,
K., Bundred, N., Monypenny,
I., England, D., Sibbering, M.,
Abdullah, T. I., Barr, L., Chetty, U.,
Sinnett, D. H., Fleissig, A., Clarke,
D., and Ell, P. J. (2006). Randomized
multicenter trial of sentinel node
biopsy versus standard axillary
treatment in operable breast cancer:
the ALMANAC Trial. J. Natl. Cancer
Inst. 98, 599–609.
Mariani, L., Salvadori, B., Marubini, E.,
Conti, A. R., Rovini, D., Cusumano,
F., Rosolin, T., Andreola, S., Zucali,
R., Rilke, F., and Veronesi, U. (1998).
Ten year results of a randomised
trial comparing two conservative
treatment strategies for small size
breast cancer. Eur. J. Cancer 34,
1156–1162.
Oxford Centre for Evidence-
based Medicine. (2010).
Available online at http://
www.cebm.net/index.aspx?o=1025
Petit, J. Y., Veronesi, U., Orecchia,
R., Rey, P., Martella, S., Didier, F.,
Viale, G., Veronesi, P., Luini, A.,
Galimberti, V., Bedolis, R., Rietjens,
M., Garusi, C., De Lorenzi, F.,
Bosco, R., Manconi, A., Ivaldi,
G. B., and Youssef, O. (2009).
Nipple sparing mastectomy with
nipple areola intraoperative radio-
therapy: one thousand and one
cases of a five years experience at
the European institute of oncology
of Milan (EIO). Breast Cancer Res.
Treat. 117, 333–338.
Poggi, M. M., Danforth, D. N., Sciuto,
L. C., Smith, S. L., Steinberg, S.
M., Liewehr, D. J., Menard, C.,
Lippman, M. E., Lichter, A. S., and
Altemus, R. M. (2003). Eighteen-
year results in the treatment of
early breast carcinoma with mas-
tectomy versus breast conserva-
tion therapy: the National Cancer
Institute Randomized Trial. Cancer
98, 697–702.
Rampinelli, C., Bellomi, M., Ivaldi, G.
B., Intra, M., Raimondi, S., Meroni,
S., Orecchia, R., and Veronesi, U.
(2011). Assessment of pulmonary
fibrosis after radiotherapy (RT) in
breast conserving surgery: compar-
ison between conventional external
beam RT (EBRT) and intraoperative
RT with electrons (ELIOT).Technol.
Cancer Res. Treat. 10, 323–329.
Rutgers, E. J., Meijnen, P., and
Bonnefoi, H. (2004). Clinical
trials update of the European
Organization for Research and
Treatment of Cancer Breast Cancer
Group. Breast Cancer Res. 6,
165–169.
Sarrazin, D., Lê, M. G., Arriagada,
R., Contesso, G., Fontaine, F.,
Spielmann, M., Rochard, F., Le
Chevalier, T., and Lacour, J. (1989).
Ten-year results of a randomized
trial comparing a conservative
treatment to mastectomy in early
breast cancer. Radiother. Oncol. 14,
177–184.
Schulz, K. F., Altman, D. G., Moher
D., CONSORT Group. (2010).
CONSORT 2010 statement:
updated guidelines for reporting
parallel group randomised trials.
BMJ 340, c332.
Schulz, K. F., and Grimes, D. A. (2002).
Generation of allocation sequences
in randomised trials: chance, not
choice. Lancet 359, 515–519.
Tinterri, C., Gatzemeier, W., Zanini,
V., Regolo, L., Pedrazzoli, C.,
Rondini, E., Amanti, C., Gentile, G.,
Taffurelli, M., Fenaroli, P., Tondini,
C., Sacchetto, G., Sismondi,
P., Murgo, R., Orlandi, M.,
Cianchetti, E., and Andreoli, C.
(2009). Conservative surgery
with and without radiotherapy in
elderly patients with early-stage
breast cancer: a prospective ran-
domised multicentre trial. Breast
18, 373–377.
Uppsala-Orebro Breast Cancer Study
Group. (1990). Sector resection
with or without postoperative
radiotherapy for stage I breast
cancer: a randomized trial. J. Natl.
Cancer Inst. 82, 277–282.
Vaidya, J. S., Joseph, D. J., Tobias, J.
S., Bulsara, M., Wenz, F., Saunders,
C., Alvarado, M., Flyger, H. L.,
Massarut, S., Eiermann, W.,
Keshtgar, M., Dewar, J., Kraus-
Tiefenbacher, U., Sütterlin,
M., Esserman, L., Holtveg, H.
M., Roncadin, M., Pigorsch, S.,
Metaxas, M., Falzon, M., Matthews,
A., Corica, T., Williams, N. R.,
and Baum, M. (2010). Targeted
intraoperative radiotherapy versus
whole breast radiotherapy for breast
cancer (TARGIT-A trial): an inter-
national, prospective, randomised,
non-inferiority phase 3 trial. Lancet
376, 91–102.
van Dongen, J. A., Voogd, A. C.,
Fentiman, I. S., Legrand, C.,
Sylvester, R. J., Tong, D., van der
Schueren, E., Helle, P. A., van Zijl,
K., and Bartelink, H. (2000). Long-
term results of a randomized trial
comparing breast-conserving ther-
apy with mastectomy: European
Organization for Research and
Treatment of Cancer 10801
trial. J. Natl. Cancer Inst. 92,
1143–1150.
Veronesi, U., Cascinelli, N., Mariani,
L., Greco, M., Saccozzi, R., Luini,
A., Aguilar, M., and Marubini,
E. (2002). Twenty-year follow-up
of a randomized study compar-
ing breast-conserving surgery
with radical mastectomy for early
breast cancer. N. Engl. J. Med. 347,
1227–1232.
Veronesi, U., Luini, A., Del Vecchio,
M., Greco, M., Galimberti, V.,
Merson, M., Rilke, F., Sacchini,
V., Saccozzi, R., Savio, T., Zucali,
R., Zurrida, S., and Salvadori, B.
(1993). Radiotherapy after breast-
preserving surgery in women with
localized cancer of the breast. N.
Engl. J. Med. 328, 1587–1591.
Veronesi, U., Orecchia, R., Zurrida,
S., Galimberti, V., Luini, A.,
Veronesi, P., Gatti, G., D’Aiuto, G.,
Cataliotti, L., Paolucci, R., Piccolo,
P., Massaioli, N., Sismondi, P.,
Rulli, A., Lo Sardo, F., Recalcati, A.,
Terribile, D., Acerbi, A., Rotmensz,
N., and Maisonneuve, P. (2005).
Avoiding axillary dissection in
breast cancer surgery: a randomized
trial to assess the role of axillary
radiotherapy. Ann. Oncol. 16,
383–388.
Veronesi, U., Paganelli, G., Viale,
G., Luini, A., Zurrida, S.,
Galimberti, V., Intra, M., Veronesi,
P., Maisonneuve, P., Gatti, G.,
Mazzarol, G., De Cicco, C.,
Manfredi, G., and Fernández, J.
R. (2006). Sentinel-lymph-node
biopsy as a staging procedure in
breast cancer: update of a ran-
domised controlled study. Lancet
Oncol. 7, 983–990.
Veronesi, U., Saccozzi, R., Del Vecchio,
M., Banfi, A., Clemente, C., De
Lena, M., Gallus, G., Greco,
M., Luini, A., Marubini, E.,
Muscolino, G., Rilke, F., Salvadori,
B., Zecchini, A., and Zucali, R.
(1981). Comparing radical mastec-
tomy with quadrantectomy, axillary
dissection, and radiotherapy in
patients with small cancers of the
breast. N. Engl. J. Med. 305, 6–11.
Veronesi, U., and Valagussa, P. (1981).
Inefficacy of internal mammary
nodes dissection in breast cancer
surgery. Cancer 47, 170–175.
Veronesi, U., Volterrani, F., Luini,
A., Saccozzi, R., Del Vecchio, M.,
Zucali, R., Galimberti, V., Rasponi,
A., Di Re, E., and Squicciarini,
P. (1990). Quadrantectomy ver-
sus lumpectomy for small size
breast cancer. Eur. J. Cancer 26,
671–673.
Conflict of Interest Statement: The
authors declare that the research
was conducted in the absence of any
commercial or financial relationships
that could be construed as a potential
conflict of interest.
Received: 26 June 2012; paper pending
published: 10 August 2012; accepted: 09
September 2012; published online: 08
October 2012.
Citation: Veronesi U, Stafyla V, Luini
A and Veronesi P (2012) Breast can-
cer: from “maximum tolerable” to “min-
imum effective” treatment. Front. Oncol.
2:125. doi: 10.3389/fonc.2012.00125
This article was submitted to Frontiers
in Surgical Oncology, a specialty of
Frontiers in Oncology.
Copyright © 2012 Veronesi, Stafyla,
Luini and Veronesi. This is an open-
access article distributed under the terms
of the Creative Commons Attribution
License, which permits use, distribution
and reproduction in other forums, pro-
vided the original authors and source
are credited and subject to any copy-
right notices concerning any third-party
graphics etc.
www.frontiersin.org October 2012 | Volume 2 | Article 125 | 5
